A small proportion of mouse ascites fluid induced by hybridomas producing monoclonal antibodies or myelomas secreting immunoglobulin yielded staining that was confined to the Golgi zone of certain epithelial cell types in rats and gerbils but not in mice. In addition, a commercial IgG fraction from mouse plasma similarly labeled the Golgi area, unlike IgG from mouse serum from another source. Culture supernatant from one hybridoma line contrasted with ascites fluid produced by the same hybridoma in failing to stain the Golgi region. The capacity of a fluid to react with the Golgi cisternae bore no relationship to the class of immunoglobulin secreted by the hybridoma or myeloma. Absorption of an ascites fluid with blood group Ai human erythrocytes eliminated its affinity for Golgi cisternae. Adsorption with blood group A2 or B or two type 0 cells used for screening for blood group antibodies had no effect on Golgi zone labeling by this ascites fluid. The positive cells included most serous secretory cells in rats, serous cells of sublingual and tracheal glands, and some endometrial and oviduct-lining cells in gerbils, and columnar lining cells of small intestine and cecum and all or part of the lining cells in some prostate lobes in both genera. Some of the tested ascites fluids stained mast cells. The agent accounting for mast cell labeling Wered, however, from that reacting with Golgi cisternae in its distribution among the mouse ascites fluids examined, lack of relationship to the AB0 blood group system, occurrence additionally in normal rat serum, and capacity to stain cells in mice as well as rats and gerbils. (J Histochem Cytochem 42:213-221, 1994) 
Introduction
Possessing affinity for a single epitope, a monoclonal antibody (MAb) is assumed to be an optimal reagent for immunolocdizing a specific antigen. However, recent observations gave rise to concern regarding the invariable immunospecificity of staining with an MAb in a hybridoma-induced ascites fluid. Thus, in studies to localize cytoskeleton-related proteins, a similar staining pattem confined to the Golgi zone was encountered with MAb against two different antigens. Such staining for two antigens not thought to occur in the Golgi complex led to doubt about the specificity of the method and raised several questions. Could ascites MAb to other antigens stain the Golgi apparatus and further v e r i reactivity lacking in antigen specificity? An affirmative answer to this question Supported by National Institutes of Health Grants DC 00422 and DC 00713. would prompt others concerning the source of the moiety with Golgi zone affinity, the nature of this ligand and of its receptor in Golgi cisternae, and the distribution of the receptor among different cell types. The studies reported here focused on answering these questions by analyzing a number of ascites fluids for their capacity to label the Golgi complex and a range of tissues for their binding capability. Results showed staining of Golgi cisternae in selected epithelia with several hybridomaor myeloma-induced ascites fluids and attributed the reactivity to a component derived from the host mouse. Adsorption studies identified this component as a contaminating blood type Ai antibody from mouse serum. This finding accords with prior reports showing blood group antibodies in mouse ascites fluids (Finstad et al., 1991; Shaw, 1986; Knowles et al., 1982) .
Extraneous reactivity has been encountered in mast cells with the immunocytochemical method and was thought to result from an affinity for immunoglobulin in general (Simson et al., 1977) . The present survey disclosed variability among mouse ascites fluids in the capacity to stain mast cells and indicated the presence in some mice of a specific circulating constituent with affinity for mast cells. 
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Ascites fluids were unfractionated unless otherwise specified. Two were purified by (N&)S04 fractionation and ion-exchange or affinity-column chromatography and Four fluids tested were produced by myeloma lines MOPC21, UPC10, 'IEPC183, and YI606 which secrete IgGI,, IgGZ,,, IgMK. and IgG31. respectively. Three ascites fluids containing documented MAb to head, body, and tail domains of sea urchin kinesin (Scholey et al., 1985) were generously provided by Dr. Scholey. MAb to chick brain kinesin was kindly provided by Dr. Michael Sheetz (Duke University). MAb to microtuble-associated protein 1 (MAPl), tau, and mouse phospholamban were urchased (Sigma and UBI). h e n a i n s to 6 ascites fluids containing MAb. including two from Sigma against tyrosine tubulin (IgG3 class) and desmosomd keratin (IgM), rwo from ICN ImmunoBiologicals (Covina, CA) against proteoglycan (IgGI,) and keratan sulfate (IgGI,), and one against VC1.1 and another against VCI.1 antigen (Arimatsu et al.. 1987) , kindly provided by Dr. Janice Naegele (Wesleyan University, Middletown, CT).
Pertains to 7 ascites fluids containing MAb, including three from Sigma against keratin V8.12 (IgGl), keratins 14-16 (IgGI), and tau (IgGi). three from Boehringer Mannheim (Indianapolis. IN) against vimentin (IgGZ,), GAP-43 (IgGI) and MAP2 (IgGI), and one against protein kinase C (IgM) from Gibco (Grand Island, NY).
fCulture supernatant from hybridoma line that produced ascites fluid with kinesin antibody and Golgi zone reactivity was kindly supplied by Dr. Douglas Murphy Uohns Hopkins University). g CalBiochem product: IgG purified from pooled sera by Cohn cold ethanol fractionation and SDS; 98% pure. Sigma product: technical grade IgG purified from pooled sera by fractionation only; >80% pure. one was clarified by centrifugation and filtration.
Materials and Methods
Six Sprague-Dawley rats and four gerbils from a local colony (Mills et al., 1990) , half males and half females, together with two C57 and two Balbk mice, were sacrificed under urethane anesthesia. The animals had been maintained under the National Research Council's guide for care and use of laboratory animals. A range of tissues from all animals was immersed immediately in Carnoy fluid. Because antigens differ in lability to different fixatives, a few specimens were also fixed in 0.1 M phosphate buffered 4% paraformaldehyde or in a 6% HgC12,0.1% glutaraldehyde solution. After 4-8 hr in Carnoy fluid or approximately 30 min in aldehyde fixative, specimens were dehydrated routinely through graded alcohols and xylene. Organs from rats, gerbils, and mice were embedded in paraffin to yield composite blocks. each containing 10 to 15 different organs.
Mouse ascites fluids containing various hybridoma-induced and myeloma-induced immunoglobulins were obtained commercially or as personal contributions (Table 1 ). Additional purchases included IgG fractions from normal mouse serum and plasma (Sigma, St Louis, MO and Calbiochem, San Diego, CA), non-immune sera of human, rabbit, and rat (Sigma), and rabbit polyclonal antisera to aand P-subunits common to G proteins (E1 duPont de Nemours NEN; Boston, MA). A protein A-purified preparation of rabbit antibody to dynamin was kindly provided by Dr. Chris Schroeder (Worcester Foundation, Shrewsbury, MA).
Rehydrated paraffin sections were immunostained with the antibody or immunoglobulin containing preparations employing the technique linking antibody to antigen through formation of an avidin-biotin complex (Hsu and Raine, 1981) as detailed elsewhere (Spicer et al., 1990) . In the latter method, the primary mouse antibody was linked to labeling enzyme through a secondary biotinylated horse antibody to m o w Ig (Vector Laboratories; Burlingame, CA), followed by biotin-avidin-derivatized horseradish peroxidase. Use of a primary rabbit or rat antibody required employing, respectively, a goat or rabbit biotinylated secondary antibody. Primary antibodies were applied to tissue sections at the equivalent of a 1:300 to 1:400 dilution of an approximately 1% Ig solution and secondary antibodies were used at a 1:200 dilution of serum.
Competition tests for assessing the presence of a carbohydrate moiety in the Golgi-reactive epitope entailed exposing sections to a Golgi-reactive ascites fluid supplemented with a mixture of monosaccharides including GalNAc, Gal, Man, and Fuc, all at 0.2 M. Other sections were stained with Golgi-reactive ascites fluid containing 0.5 % milk powder or 2 % ovine submandibular mucin. In addition, sections were oxidized for 10 min with 1% periodate or methylated for 4 hr at 37'C in 0.1 N HCI in methanol or digested with sialidase (Spicer and Warren, 1960) before staining with ascites fluids containing IgG3K or MAb to phospholamban or MAP1.
Adsorption tests with blood group antigens entailed adding human erythrocytes of known blood type to the IgG3, containing ascites fluid that stained Golgi zone and mast cells. In this experiment, 0.5 ml of washed and packed human erythrocytes of Ai, Az, B, 01, or 011 blood type or rat red cells was suspended in 0.5 ml of a 1:200 dilution of a 1% IgG3, solution. The mixtures were incubated for 1 hr at 1-6' C and centrifuged. The supernatants were employed to stain sections along with the unadsorbed IgG3, containing ascites fluid comparably diluted. 
Results
selected cell types in rats and gerbils (Figures 1-9) ( Table 1) . However, the majority of hybridoma-induced ascites fluids did not impart such staining.
Ascites fluid produced by a myeloma-secreting IgG3K gave an identical staining pattem. Fluids produced by other myelomas secreting various immunoglobulins failed to stain Golgi cisternae (%ble 1).
Culture fluid supernatant from a hybridoma differed from as-
Golgi Zones
Distribution and Nature of the Ligand. Several mouse ascites fluids produced by hybridomas secreting MAb stained a discrete intracellular locus interpreted as the Golgi zone (see below) in cites fluid engendered by the same hybridoma in failing to stain the Golgi area in any cell ( Table 1) . Culture fluid from another hybridoma secreting MAb to human prolyl4-hydroxylase also lacked affinity for the Golgi region.
IgG from plasma of non-immunized mice obtained from one commercial source stained the supranuclear cytoplasmic locus similarly. However, IgG from non-immune mouse serum of another source lacked this capacity (Table 1) .
The immunoglobulin fraction of sera from genera other than mice infrequently evidenced affinity for the Golgi complex. Immunoglobulin from non-immune human, rabbit, and rat sera failed to bind to the Golgi zone in rat and gerbil tissue. However, a rabbit polyclonal antibody preparation against G-protein stained the Golgi compartment weakly in the small intestine of gerbils.
Competition tests provided evidence for attributing the Golgi reactivity to a carbohydrate epitope. Including a mixture of 0.2 M GalNAc, Gal, Man, Fuc, and Glu in the primary antibody solution blocked the staining of Golgi zones with a positive ascites fluid. Inclusion of either 0.5% milk powder or 2% ovine submandibular mucin had a similar effect. On the other hand, periodate oxidation, methylation, and sialidase digestion of tissue sections failed to affect subsequent staining of the Golgi region.
Adsorbing the purified ascites fluid produced by the IgG3Ksecreting myeloma with human erythrocytes possessing blood type A1 antigen obliterated the Golgi staining ( Table 2) . Adsorption with human blood type A2, B, 01, and 011 erythrocytes and rat erythrocytes had no effect.
Distribution of the Receptor in Rat and Gerbil. The stained site was confined to a locus between nucleus and apical secretory granules or cytoplasm in epithelial cells known to possess prominent Golgi cisternae, and accordingly was interpreted as the Golgi zone (Figures 1-9) . The staining moreover resembled that observed with lectin cytochemistry (Stoward et al., 1980) and proven ultrastructurally to occupy Golgi cisternae (Streit et al., 1986;  Sato and Spicer, 1982) .
Labeling of the Golgi compartment occurred in a distinct set of epithelial cells (Table 3 ). Some of the reactive cell types overlapped in rats and gerbils, whereas others did not. All of the positive ascites fluids and the mouse plasma (Table 1) imparted the same pattern of staining within the cell and among cell types.
The exorbital lacrimal (Figure I) , submandibular (Figure 2 ). sublingual ( Figure 3) , and parotid glands and pancreas (Figure 4 ) of the rat showed strong staining confined to the serous acinar or demilunar cells in the glands and to the Golgi zone within the cell. Acinar staining varied in intensity among cells in the parotid and pancreas. Columnar absorptive cells covering villi of the rat small intestine uniformly disclosed strong staining in the Golgi area. 
Effect of absorbing mouse ascites fluid with blood group-specific human erythrocytes and rat red blood cells on its staining of Golgi zones in rat organsas6
Humvl RBC blood gmupb Similar reactivity in rat large intestine appeared confined to superficial epithelium of the cecum. Cuboidal epithelium lining gland lumens in one lobe of the prostate, tentatively identified as the coagulating gland, differed from epithelium in other lobes in the strong staining of a supranuclear focus consistent with the Golgi zone. The prevalence of positive cells varied from less than half to all or nearly all of the cells in different regions of the gland. Although the intracellular staining pattern appeared similar in gerbil and rat tissues, the cell types reacting differed in part for the two genera (Table 3) . Unlike those of the rat, serous secretory cells of the gerbil were negative in the pancreas and in the salivary glands. except for the demilunar cells of the sublingual gland. Other reactive cells common to rats and gerbils included epithelium of small intestine ( Figure 5 ) and cecum ( Figure 6 ) and one lobe of the prostate (Figure 7) . Labeling in the gerbil but not in the rat occurred in tracheal serous glands, superficial endometrial epithelium ( Figure 8 ), and cells lining selected segments of the oviduct (Figure 9 ). Specimens from all rats and gerbils examined showed Golgi zone labeling. All recorded sites of reactivity were positive in Carnoyfixed specimens. The Carnoy-and aldehyde-fixed tissues stained similarly in intestine where comparison was available.
Of the seven MAb-containing fluids that visualized the Golgi area, those with antibody to MAP1 and tau also stained the specific antigen, showing strong reactivity in nerve fibers as reported (Binder et al., 1986; Bloom et al., 1984) . Antigen localization was not encountered in the tissues examined with the Golgi-reactive fluids containing MAb to kinesin and phospholamban (Table 1) .
Aside from the antigen-specific staining, the ascites-derived immunoglobulins that labeled Golgi zones of selected cells largely failed to react with other cell types in a wide tissue survey. Sites examined included vascular, lymphatic, muscle, nervous, and genitourinary systems, inner ear, eye, ovary, adrenal, pancreas, liver, and peripheral lung. Exceptions to this generalization were encountered in the staining of mast cells with several ascites fluids as noted below and in the reactivity of presumed A-cells in the gerbil's islets Entries denote results obtained with fluids listed as providing optimal stain-Staining intensity judged subjectively from zero ( -) to maximal ( + + + ) reac-Roughly half of the cells stained in a lobe interpreted as coagulating gland. Table 1. tivity.
ing of Golgi zones in
with the IgG3K-containing fluid and of leukocytes in the lamina propria of the gerbil small intestine with VC1.1 antibody.
Reactivity of Golgi Compartment in Mouse Epithelia. Tissue specimens from four mice were devoid of Golgi zone reactivity with any of the mouse sera or ascites fluids tested. The murine tissues lacked staining of Golgi cisternae in the cell types that were positive in rats and gerbils or of any other cell type in a wide tissue survey. The Golgi complex in mouse tissues also failed to stain with the immunoglobulin fraction from non-immune human, rabbit, or rat serum. However, a polyclonal rabbit antiserum to dynamin strongly stained the Golgi region in murine small and large intestine.
Mast Cells
A number of the tested myeloma-and hybridoma-induced ascites fluids stained mast cells in rat and gerbil tissues ( Figure 10 ). Mast cells in mouse specimens also stained intensely in contrast to the unreactivity of murine Golgi zones. Results with the different ascites fluids varied from negative to moderately or strongly positive and some imparted intense staining, providing optimal sensitivity for mast-cell demonstration. Mast-cell reactivity failed to correspond among the ascites fluids with that of Golgi zones, as different fluids imparted coloration to both sites or to only one or the other (Table  1 ). The two hybridoma culture supematants assayed lacked affinity for mast cells, as for Golgi zones. Mast-cell staining differed further from that of Golgi zones in that the immunoglobulin from rat serum bound to the mast cells but not to the Golgi complex. The immunoglobulin fraction from non-immune rabbit and human sera and two rabbit antisera failed to stain mast cells. Mast cells stained strongly in Carnoy-and less well in formalin-fixed specimens. Sialidase digestion and periodate oxidation failed to alter reactivity of mast cells with a positive ascites fluid, but exposure to acidified methanol eliminated their staining.
ascites fluid containing the same MAb in failing to stain the Golgi complex. Moreover, identical staining of the Golgi compartment observed with an IgG fraction from pooled mouse serum testified that a circulating host constituent released into the ascites fluid could explain this result. A further objective of the present inquiry was to ascertain the nature of the moiety in the ascites fluid binding to Golgi cisternae. Fluids containing MAb and immunoglobulins of widely different classes gave a similar positive result (see Table 1 ). The labeling therefore did not reflect an affinity of the Golgi apparatus for an immunoglobulin of a particular class or subclass. The lack of staining with most ascites fluids containing an MAb and negative findings with IgG from pooled normal mouse plasmas purchased from one source demonstrated that the active constituent occurred in some and not in other mice. Such variability among animals suggested that an antibody against a blood group determinant might account for the Golgi zone labeling. Competitive blockage of Golgi reactivity by introduction of sugars or complex carbohydrate-rich materials into the ascites fluid supported such a consideration, since carbohydrate epitopes determine blood group specificity. Previous studies documented the presence of blood group A1 and A2 antibodies in mouse ascites fluid containing an MAb to T-cells (Knowles et al., 1982) . A1 occurred in great excess over A2, B, and 0 antibody in mouse serum and in tumor-induced ascites fluids, and A1
Discussion
The present findings warn against assuming absolute antigen specificity for immunocytochemical methods utilizing ascites-derived MAb. The data show that seven of 20 MAb preparations against various antigens yielded staining of Golgi cisternae unrelated to the antigenic specificity of the antibody (Table 1) . Extraneous reactivity with an ascites MAb preparation has also been reported by Finstad et al. (1991) , who observed staining of oviduct epithelium, ovarian cells, and ovarian carcinoma with fluid containing MAb to P-glycoprotein.
Two of the seven MAb-containing ascites fluids that bound to Golgi zones immunostained the antigen against which the antibody was directed. Immunolocalization of the specific antigen was not obtained, however, with the other Golgi-reactive MAb preparations, presumably because of absence, masking, alteration, or inherent dissimilarity of the antigen in the tissues examined.
The source of the ligand in ascites fluids reacting with the Golgi complex has been traced to the serum of the host mouse. Therefore, a hybridoma culture fluid containing an MAb differed from and A2 increased in serum after stimulation from an ascites tumor (Shaw, 1986) . In addition, Finstad et al. (1991) demonstrated antibody to blood group Aa3 antigen contaminating an ascites MAb against P-glycoprotein. In the present study, adsorption tests with human erythrocytes enabled attributing the labeling of Golgi cisternae with some mouse ascites fluids to their content of blood type Ai antibody.
Whether the Golgi positivity seen here in rodents would be encountered in human epithelia has not been determined. However, examination of rabbit and ferret salivary glands revealed Golgi-zone staining in duct cells (unpublished observations) and showed that such reactivity is not limited to rats and gerbils. Relevant to this question is the finding that immunocytochemical examination with MAb to P-glycoprotein yielded immunoreactivity in the Golgi zone of normal human colon and liver cells almost exclusively in blood group A individuals (Weinstein et al., 1990) . In retrospect, blood group A antigen may be more likely than P-glycoprotein to account for such labeling of the Golgi compartment in human colon and ureter. The latter results can be speculated from the present data to provide evidence of an MAb preparation staining blood group A antigen in the Golgi apparatus of human epithelia. In the event that certain mouse ascites fluids have a capacity to stain the Golgi zone of selected human epithelial cells, they would provide a potential label for such cells in pathological lesions.
A problem raised by the present cytochemical localizations concerns the biological significance of the blood type A1 antigen demonstrated in rodent Golgi complexes. Notably, the observations reveal a heretofore unrecognized heterogeneity that demarcates a set composed of several types of epithelial cells that differ from other cells in possessing blood group A1 antigen in their Golgi apparatus. Content of A1 antigen in the several cell types suggests a role for the antigen in an activity common to all.
Information concerning whether the A1 epitope observed here exists in the Golgi apparatus as a luminal secretory glycoprotein destined for export or as an integral membrane glycoprotein in the lamellae would guide speculation about its biological significance. If present as a product secreted by cytoplasmic granules or vesicles, the antigen would function in extracellular space or at the cell surface. The present findings point to the prospect that a specific secretory glycoprotein has an effect shared by five types of glandular serous cells and lining cells in the intestine, oviduct, uterus, and prostate.
Blood group antigens have been localized to a number of human epithelia (It0 et al., 1992; Szulman, 1962) . The blood group epitope occurs on different macromolecules in the various cell types but in each case represents a secretory or cell surface component. However, the biological role of these molecules and their carbohydrate moieties has not been fully elucidated.
The present demonstration of A1 antigen apparently provides an example in rodents analogous to the immunolocalization of blood type determinants in human cells. Whether the Ai component in the Golgi apparatus actually represents a blood type antigen in the final synthetic product remains uncertain, however, because of lack of staining for the epitope in the secretory granules and the surface of the positive cells. If the A1 epitope in the Golgi complex were a transient substance, it presumably would become further glycosylated in the final biosynthetic product to one or more constituents of unknown relationship to the blood group antigen. The report that Golgi zone staining occurred only in blood group A patients with an ascites MAb (Weinstein et al., 1990) indicates correspondence between blood type reactivity in the Golgi region and the blood type of the host.
On the other hand, the AI-positive epitope may comprise a resident membrane glycoprotein of the Golgi lamellae. In this case, the Ai-containing constituent could be envisioned as contributing to an activity such as glycosylation, phosphorylation, vesiculation, or transport of ions, substrates, or fluid common to the selected immunopositive cell types.
In addition to the heterogeneity of Golgi complexes among cell types, the findings in this investigation revealed heterogeneity of the Golgi apparatus among cells of the same type in the prostate and oviduct. This cell variability has not otherwise been detectable and speaks for as yet undefined metabolic differences within members of a presumed uniform population of cells.
Strong coloration of mast cells with rabbit polyclonal antisera and non-immune rabbit serum alike has been interpreted as not antigen-specific (Simson et al., 1977) . This staining was considered possibly to reflect affinity of a mast-cell component for immunoglobulin in a manner analogous to the binding specifically of immunoglobulins by staphylococcal protein A. The observation here that hybridomaor myeloma-induced mouse ascites fluids react variably with mast cells argues rather that a specific entity transported from serum to ascites fluid by some and not other mice accounts for the mast-cell staining. In this case, the contaminating moiety can be excluded from the human AB0 system because of its lack of affinity for A, B, or 0 type erythrocytes.
